Protoberberine alkaloids (I) 3) are representative isoquinoline alkaloids which possess physiological activities and have been shown to play important roles as biogenetic precursors of related isoquinoline alkaloids such as benzo [c]phenanthridine, spirobenzylisoquinoline, phthalideisoquinoline, protopine, and rhoeadine alkaloids. Therefore, many methods have been developed so far for the synthesis of protoberberine alkaloids.
dichloromethane at 0°C to provide 7a and 8a in 29 and 43% yields, respectively. The procedure with 9 was found to be superior to that with 4 in manipulation. Cyclization with SnCl 4 under various conditions (temperature: Ϫ30-0°C, solvent: chloroform or benzene) or that with TiCl 4 (0°C, dichloromethane) was not able to affect the product ratio. Changing the oxygenated substituents on the phenethyl part from the dimethoxy to methylenedioxy group again did not alter the cyclization selectivity. Namely, the secondary amine (3b, 62%), derived from 3,4-methylenedioxyphenethylamine (1b), was acylated with 9 and then cyclized with SnCl 4 to afford the isoquinolin-3-one (7b) and the benzazepinone (8b) in 30 and 41% yields, respectively. Preferential cyclization to the seven-membered lactam in the above electrophilic cyclization reactions would be due to higher electron density at C-6Ј on the aromatic ring of phenethyl part in comparison with that at C-6Љ on the aromatic ring of benzyl part. 8) In order to prevent the formation of the seven-membered lactam, benzazepinone, a bromine atom was introduced to the phenethyl part of 3 as a blocking group. Acylation of the brominated amine (13a, 85%), prepared from brominated phenethylamine (10) 9) and 2, with acyl chloride (9) , followed by treatment with SnCl 4 afforded the isoquinolin-3-one (14a) in 78% yield as a sole product, as expected. Concurrent reductive removal of both the bromine atom and the methylthio group was realized by the exposure of 14a to Raney Ni in refluxing ethanol, providing the desired isoquinolin-3-one (15a, 88%), which was also obtained from 7a by a similar procedure in 90% yield. The Bischler-Napieralski reaction of 15a in acetonitrile with phosphorus oxychloride in the presence of potassium carbonate 10) and subsequent reduction with sodium borohydride provided (Ϯ)-tetrahydropalmatine (16a), mp 150-152°C, in 76% yield. Similarly, (Ϯ)-sinactine (16b), mp 169-171°C, (Ϯ)-canadine (16c), mp 172-174°C, and (Ϯ)-stylopine (16d), mp 198-200°C, were synthesized starting from the corresponding phenethylamine (10 or 11) and the benzaldehyde (2 or 12) via the secondary amine (13) and the isoquinolin-3-ones (14 and 15). The results are summarized in Table 1 . The synthetic alkaloids obtained above were proven to be identical with the corresponding authentic samples (see Experimental). Thus, we have developed a convenient, general, and practical synthetic method for 2,3,9,10-tetraoxygenated protoberberine alkaloids.
Synthesis of 13-Methyl-2,3,9,10-tetraoxygenated Protoberberine Alkaloids 13-Methylprotoberberine alkaloids 3) are a small group of protoberberine alkaloids having an extra methyl group at the C-13 position. They have been shown to be biogenetic precursors for 10-methyl-B/C-hexahydrobenzo[c]phenanethridine alkaloids.
3) Several synthetic methods for 13-methylprotoberberine alkaloids have been reported so far, 3, 11, 12) however, they are not necessarily satisfactory in generality. In the previous section, we developed a convenient synthesis of protoberberine alkaloids via 4-methylthio-2-phenethylisoquinolin-3-ones (14) . The latter compounds also seem to be suitable intermediates for the synthesis of 13-methylprotoberberines because the C-4 position of 14 must be doubly activated by the carbonyl and methylthio group to be readily methylated. Our previous synthesis, therefore, should also open a new route to 13-methylprotoberberine alkaloids.
The 4-(methylthio)isoquinolin-3-one (14a) was exposed to lithium diisopropylamide at Ϫ78°C and then to methyl iodide, affording the 4-methyl derivative (17a) in 80% yield. According to the conversion of 14 to 15, treatment of 17a with Raney Ni in refluxing ethanol effected the reductive removal of both the bromine and methylthio group to furnish the 4-methylisoquinolin-3-one (19a) in 88% yield. The Bischler-Napieralski reaction 10) of 19a and subsequent NaBH 4 reduction provided (Ϯ)-corydaline (21a), mp 136-136.5°C, in 61% yield. Similarly, 4-(methylthio)isoquinolin-3-one (14b or 14c) was transformed into (Ϯ)-thalictricavine (21b), mp 208-209°C, or (Ϯ)-tetrahydrocorysamine (21c), mp 203-204°C, via 17b or 17c, and 19b or 19c, respectively, as summarized in Table 2 . The synthetic alkaloids were proven to be identical with the corresponding authentic samples (see Experimental). Alkylation other than methylation was also possible. Ethylation of 14a with ethyl iodide afforded the ethyl derivative (18a) in 74% yield. Sequential treatment of 18a with Raney Ni in ethanol, POCl 3 , and NaBH 4 provided (Ϯ)-13-ethyltetrahydropalmatine (22a, 63%) via 20a (83%).
In conclusion, we developed a practical method for the H-NMR spectra with a JEOL FX-100 spectrometer in CDCl 3 using tetramethylsilane as an internal standard.
General Procedure for Benzylphenethylamines A molecular sieve 4 Å (3.0 g) was added to a solution of phenethylamine derivative (1, 10, or 11, 18 mmol) and benzaldehyde derivative (2 or 12, 18 mmol) in CH 2 Cl 2 (20 ml), and the mixture was stirred at room temperature for 24 h in a stream of nitrogen. The molecular sieve was filtered off and the filtrate was concentrated. A solution of the residue in tetrahydrofuran (THF) (20 ml) was added with stirring to a suspension of LiAlH 4 (90 mmol) in THF (100 ml), and the mixture was stirred at room temperature for 2 h. Water was added to the reaction mixture in order to destroy the excess LiAlH 4 , and the precipitate was filtered off and washed with THF. The filtrate and washings were combined, dried, and concentrated to give the product.
N- (2, 3-(2,3-dimethoxybenzyl)-1-methylthio-1,2,4 ,5-tetrahydrobenzazepin-2-one (8a) From Sulfoxide (6): a) with p-TsOH: p-TsOH (175 mg (1.0 mmol)) was added to a solution of the sulfoxide (6, 219 mg (0.50 mmol)) in CCl 4 (3 ml) and the mixture was refluxed with stirring for 20 min. The mixture was washed with sat. NaHCO 3 aq. and sat. NaCl aq., then dried. The solvent was evaporated off and the residue was chromatographed on silica gel with C 6 H 6 : AcOEt (10 : 1). The first fraction gave the benzazepinone (8a, 70.5 mg, 34% From Amine (3a) with 9: According to the general procedure for 4-methylthio-2-phenethylisoquinolin-3-ones, 3a gave 7a (29%) and 8a (43%). General Procedure for 4-Methylthio-2-phenethylisoquinolin-3-ones A solution of a-chloro-a-(methylthio)acetyl chloride (9, 10 mmol) in CH 2 Cl 2 (10 ml) was added dropwise under ice-cooling to a solution of the amine (3 or 13, 9 mmol) and Et 3 N (10 mmol) in CH 2 Cl 2 (30 ml), and the mixture was stirred for 20 min. SnCl 4 (11 mmol) was added under ice-cooling to the reaction mixture. The mixture was stirred for 1 h and washed with H 2 O, sat. NaHCO 3 aq., and sat. NaCl aq., then dried. The solvent was evaporated off and the residue was chromatographed on silica gel with C 6 H 6 : AcOEt (10 : 1) to give the product. General Procedure for Alkylation of Isoquinolin-3-ones A solution of lithium diisopropylamide (LDA) (3.2 ml (0.1 M sol. in THF) (3.2 mmol)) was added to a solution of isoquinolin-3-one (14, 2.12 mmol) in THF (20 ml) at Ϫ78°C in a stream of N 2 and stirred for 1 h. Methyl iodide or ethyl iodide (3.2 mmol) was added to the reaction mixture at room temperature and stirred for 1 h. Sat. NH 4 Cl aq. (1 ml) was added to the mixture and extracted with CHCl 3 . The extract was washed with sat. NaCl aq. and dried. The solvent was evaporated off and the residue was chromatographed on silica gel with hexane : AcOEt (4 : 1) to give the product. ). , 209-210°C 12) ). 
